To evaluate the effects of severe hypoglycemia without hypokalemia on the electrocardiogram in patients with type 2 diabetes in real-life conditions. Methods: Electrocardiograms of adult type 2 diabetic patients during the episodes of severe hypoglycemia and the recovered stage were obtained and analysed between October 1, 2011 and May 31, 2012. Patients who maintained the normal serum sodium and potassium levels during the episodes of severe hypoglycemia were only selected as the subjects of this study. Severe hypoglycemia was defined, in this study, as the condition requiring active medical assistance such as administering carbohydrate when serum glucose level was less than 60 mg/dL. Results: Nine type 2 diabetes patients (seven men, two women) were included in the study. The mean subject age was 73.2±7.7 years. The mean hemoglobin A1c level was 6.07%±1.19%. The median duration of diabetes was 10 years (range, 3.5 to 30 years). Corrected QT (QTc) intervals were significantly increased during the episodes of severe hypoglycemia compared to the recovered stage (447.6±18.2 ms vs. 417.2±30.6 ms; P<0.05). However, the morphology and the amplitude of the T waves were not changed and ST-segment elevation and/or depression were not found during the episodes of severe hypoglycemia. Conclusion: In this study, QTc interval prolongation during the episodes of severe hypoglycemia was observed without hypokalemia. Therefore, the distinct alterations in cardiac repolarization during the episodes of severe hypoglycemia may not be associated with hypokalemia.
INTRODUCTION
Previous studies have shown that the incidence of severe hypoglycemia has increased [1, 2] . Hypoglycemia causes recurrent morbidity in diabetes and can lead to death. It has been estimated that hypoglycemia is responsible for 2% to 4% of death in type 1 diabetes [3] . A retrospective cohort study has reported that patients with hypoglycemic episodes during hospitalization have higher mortality 1 year after discharge (27.8% for patients with at least one hypoglycemic episode vs. 14.1% for patients without hypoglycemic episodes) [4] .
Several studies have demonstrated that insulin-induced hypoglycemia in diabetes causes the prolongation of corrected QT (QTc) interval, which is associated with ventricular arrhythmias and sudden death, and have reported that this abnormality in cardiac repolarization results from hypokalemia and an increase in serum catecholamines [5] [6] [7] .
A study conducted to patients with type 2 diabetes with a [8] .
Original Article
The aim of this study was to evaluate the effects of severe hypoglycemia without hypokalemia on the ECG in type 2 diabetes in real-life conditions.
METHODS

Research design and methods
In review of retrospective medical records, ECGs of adult type 2 diabetic patients were obtained and analysed during the episodes of severe hypoglycemia in the Emergency Department and the recovered stage in the general ward before they were discharged from the Saint Carollo Hospital between October 1, 2011 and May 31, 2012. For that period, a total of 43 type 2 diabetes with severe hypoglycemia were identified in the Emergency Department. Seventy-nine percentage (34/43) normokalemic patients, 14.0% (6/43) hypokalemic patients, and 7.0% (3/43) hyperkalemic patients were found. Patients who maintained the normal serum sodium and potassium levels during the episodes of severe hypoglycemia in the Emergency Department were chosen as the subjects for this study (Table 1) . Severe hypoglycemia was defined, in this study, as the condition requiring active medical assistance such as administering carbohydrate when serum glucose level was less than 60 mg/ dL [1, 9] .
Subject characteristics including age, gender, height, weight, the duration of diabetes and hypertension, glucose lowering agents, antihypertensive medications, smoking history, alcohol consumption, the inducing factor for hypoglycemia, and comorbidities (coronary artery disease and cerebral vascular disease) were obtained. HbA1c, plasma C-peptide levels, plasma insulin levels, and serum chemistry profiles were also obtained.
Analyses of the digital 12-lead ECG recordings were performed at a ECG paper speed of 25 mm/sec using a M1771A Pagewriter 200 (Phillips, Andover, MA, USA). QTc intervals were also simultaneously recorded at the digital 12-lead ECG recordings by an automatic method and corrected by Bazett's formula (Fig. 1) .
T wave changes, ST-segment elevation and/or depression and changes in the QRS complex that occur in association with acute ischemia and infarction were assessed [10] . The ST-segment elevation was defined as >0.2 mV elevation in two or more precordial leads and >0.1 mV elevation in two or more limb leads. The ST-segment depression was defined as flat or down sloping depression >0.1 mV, lasting for at least 1 minute in two or more leads. Deeply inverted T wave was defined as the inverted T wave greater than 0.5 mV.
Statistical analysis
All data were analysed using the SPSS statistical program version 13.0 (SPSS Inc., Chicago, IL, USA). The Wilcoxon's signed rank test was applied to compare the most of data.
Normally distributed data are presented as the mean value± 
RESULTS
A total of nine patients (seven male, two female) were included in this study. The mean subject age was 73.2±7.7 years. The mean HbA1c level was 6.07%±1.19%. The median duration of diabetes was 10 years (range, 3.5 to 30 years). The mean body mass index was 23.0±2.9 kg/m 2 . Among the nine patients, eight patients were treated with glucose-lowering agents. All of them were taking a sulfonylurea derivative, glimepiride that affects the ATP-sensitive K + channel. During the hospital admission, sulfonylureas was discontinued in 50% of the subjects and continued in the rest of them. The sulfonylureas was commenced in a patient once insulin therapy was discontinued ( Table 2) . All patients had a medical history of hypertension and were taking antihypertensive medications which did not contain alpha and beta adrenergic blocking agents. However, none had a history of coronary artery disease. During the hospital admission, their antihypertensive medications were not changed.
Serum potassium and sodium levels of all patients were within normal range during severe hypoglycema and the recovered stage (Table 1 ).
There were no significant differences in heart rates, RR intervals or QT intervals during the episodes of severe hypoglycemia but the QT intervals were slightly longer during the episodes of severe hypoglycemia than during the recovered stage (408.8±40.7 ms vs. 380.2±39.7 ms, P=0.066) ( Table 3) .
The QTc intervals were significantly increased during the episodes of severe hypoglycemia compared to the recovered stage in all patients (447.6±18.2 ms vs. 417.2±30.6 ms, P= 0.008) ( Table 3 , Fig. 2 ). In particular, the QTc intervals were significantly increased in patients taking only oral glucose Fig. 2) .
However, the morphology and the amplitude of the T waves were not changed and ST-segment elevation and/or depression were not found during the episodes of severe hypoglycemia (Fig. 1) .
DISCUSSION
It has been suggested that prolonged QT intervals in patients with myocardial infarction may be associated with a worse prognosis [11] . The prolongation of QTc intervals is related to an increased risk of sudden death [12] . Tattersall and Gill [13] reported that the cause of sudden nocturnal death in young people with type 1 diabetes was likely to be cardiac arrhythmia induced by hypoglycemia.
Marques et al. [5] demonstrated that the degree of QTc lengthening during the episodes of hypoglycemia, which was induced by intravenous (IV) insulin, was greater compared to that during the euglycemic period in type 1 [-3 to 169] ms; P<0.05). They suggested hypoglycemia could cause cardiac arrhythmias. They also found that a fall in plasma potassium and a rise in plasma adrenalin were greater during the episodes of insulin induced hypoglycemia [5] .
Landstedt-Hallin et al. [6] reported that the mean QT interval and QT dispersion were significantly increased and serum potassium levels were significantly decreased during the episodes of insulin-induced hypoglycemia in a study conducted to thirteen patients with type 2 diabetes.
Heller conducted a study to normal adults to investigate whether the increase in both QT dispersion and QT intervals during the episodes of insulin-induced hypoglycemia could be avoided by β-blockade and the prevention of hypokalemia with IV potassium administration [7] . Many investigators have suggested that hypokalemia caused by hyperinsulinemia was a possible mechanism of altered cardiac repolarization during the episodes of hypoglycemia [14, 15] .
However, in this study, significant lengthening of QTc intervals during the episodes of severe hypoglycemia was observed without hypokalemia. The results of this study implied that distinct alterations in cardiac repolarization during the episodes of severe hypoglycemia might not be associated with hypokalemia.
Most of the subjects in previous studies were treated with insulin while the majority of the subjects in this study were treated with only oral glucose-lowering agents (seven out of nine patients). In addition, this study investigated the significant lengthening of the QTc interval during the episodes of severe hypoglycemia without hypokalemia in patients treated with only oral glucose-lowering agents was investigated in this study (Table 4 , Fig. 2) .
It has been reported that glimepiride didn't seem to have any effects on cardiac function in several studies [16] [17] [18] . Unfortunately, a comparison between insulin users and glimepiride users could not be made in this study due to the limited number of patients. Therefore, the independent effect of glimepiride on the QTc interval during the episodes of severe hypoglycemia cannot be established in this study.
Although the sympathetic activation response to hypoglycemia is known to increase heart rates [19] , several studies showed no increase of heart rates during hypoglycemia and they suggested that the parasympathetic activation caused by hypoglycemia itself result in this phenomenon [20, 21] . It was suggested that altered neural regulation is considered as the cause of the prolongation of QTc interval during hypoglycemia [22] . Similar to previous studies, our study did not observe tachycardia and significant differences in their heart rates during the episodes of severe hypoglycemia compared to the recovered stage in spite of all patients not taking alpha and beta adrenergic bloking agent.
We suggest that the probable mechanism of the prolonged QTc interval during severe hypoglycemia is altered autonomic regulation caused by hypoglycemia itself regardless of effects [23] demonstrated ST depression and the flattening of the T wave during the episodes of insulin-induced hypoglycemia in patients with type 2 diabetes. Ischemic T wave inversion and ST segment depression associated with hypoglycemia without the evidence of myocardial infarction were also previously reported [24, 25] . However, in this study, ischemic changes of T wave and ST segment were not found during the episodes of severe hypoglycemia.
In summary, unlike previous studies, QTc interval prolongation in severe hypoglycemia without hypokalemia in type 2 diabetes was investigated in real-life conditions in this study. Thus, the results of this study imply that QTc interval prolongation in severe hypoglycemia may not be associated with hypokalemia but be associated with hypoglycemia itself and/or others. Most of the type 2 diabetic patients in this study were treated with only oral glucose-lowering agents and ischemic changes of ECG during the episodes of severe hypoglycemia were not found in them. Further studies with larger samples are needed to determine the mechanisms of QTc interval prolongation in severe hypoglycemia.
